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A. Task (bjective: Al gorithm Devel oprent for d obal Mappi ng of
Phycoerythrin Pignent, D ssolved Organic Matter, and
Chl or ophyl | ous Pi gnent

1. MODIS North Atlantic Test Site Establishment and
Char acteri zati on

As previously reported, the MODIS North Atlantic Test Site has
been established as originally proposed. The Test Site includes
the New York Bight/Md-Atlantic Bight/@ilf Streani Sargasso Sea and
is conveniently |ocated north and east of GSFC/ WFF.
Characterization has been initiated by ship sanpling, aircraft
overflights, and analysis of historical data available fromw thin
t he NASA AQL project since 1980. Mich of the data obtained in the
nort hwestern portion of the test site will be used for algorithm
devel opnent in Case 2 waters.

a. During this 6-nmonth reporting period the Test Site little new
data was added to the existing Test Site data base. However, the
site characterization was continued with prior available data in
the form of airborne active-passive ocean color data. In
particul ar the airborne and ship data acquired during Test Site
field work in cooperation with Interdisciplinary Investigator, Dr.
Ni el Blough (WHO ), during the field experinments in April 1994 has
now conpl eted internal quality evaluation. The data is now bei ng
staged into the on-going MODI' S al gorithm

devel opnent effort.

The ship data needed to produce the total absorption from
particul ate and di ssol ved material s has now been essentially

conpl eted. The particul ate absorption is the sumof the

filter pad chl orophyllous particulates and the detritus and is yet
to be separated by hot nethanol procedures. The spectral
absorption and fluorescence of these sanples will be measured

by Dr. Tony Vodacek, a former National Research Council Resident
Research Associate (RRA) now working with Dr. Blough at the Univ.
of Maryl and.

A manuscri pt describing sone of the al gorithmwork was published
during the previous reporting period. The reader should consult
this paper for details of the progress of the DOMretri eval

usi ng fluorescence nethods. The manuscript is: Hoge, Frank E

Ant hony Vodacek, Neil V. Blough, "Inherent Optical Properties of
the Ccean: Retrieval of the Absorption Coefficient of Chronophoric
Di ssol ved Organic Matter from Fl uorescence Measurenents”,

Li mol ogy and Cceanography, 38(7) 1394-1402, 1993. A conpani on
paper describing the retrieval of CDOM absorption coefficients has



been accepted for publication: Vodacek, Anthony, Frank E. Hoge,
Robert N. Swift, Janes K Yungel, Edward T. Peltzer, Neil V.

Bl ough, The detection of in situ and airborne fl uorescence
nmeasurenents to determ ne WV absorption coefficients and DOC
concentration in surface waters, Linmnology and Cceanography, In
Press (1994).

The validity of the Test Site sanples and data were addressed
during the prior reporting period. Specifically, the DOM
absorption fromprior cooperative ship experinents (see above
paper) have been used to establish the | evels of DOM fl uorescence
nmeasured with the NASA A rborne Cceanographic Lidar in both the
Atlantic and Pacific Qceans. These results were al so published
during this reporting period. The reference is : Hoge, Frank E
Robert N. Swift, Janes Y. Yungel, Anthony Vodacek, "Fl uorescence
of Dissolved Oganic Matter: A Conparison of North Pacific and
North Atlantic Cceans during April 1991", Jour. Ceophysical Res.
98, No. Cl2, 22,779-22,787 (1993).

The airborne flights during April 1994 allowed the concurrent

eval uati on of a new 256 channel ocean col or spectroneter designed
and built at Wallops Flight Facility. It was found that the

col or sensor possessed the requisite sensitivity for ocean col or
spectra in a high-rate/lowintegration-time node needed to all ow
editing of data containing sun glint. The prototype sensor was
successfully flown during the JGOFS Iron Enrichment Experinents
of f the coast of Ecuador in Novenber 1993. A still higher
sensitivity detector and higher resolution sensor was conpl et ed
during this reporting period and plans are bei ng devel oped to fly
this sensor during the ship cruise overflights in April 1995 (see
subsequent section).

The eval uation of a sea surface tenperature sensor nanufactured by
Hei mann/ EG&G was conducted during the previous two reporting
periods. Qur evaluation of this sensor suggests that the precision
is satisfactory for support of the validation of MDD S products
and algorithns relative to sea surface tenperature. The final
accuracy evaluation is still pending.

2. Selection of Case 1 Data Sets.

As given in a prior report, airborne active-passive ocean col or
data acquired within Case 1 oceanic regions with the NASA Airborne
Cceanogr aphi ¢ Li dar have now bei ng screened for use in algorithm
devel opnent. The ACQL active-passive data in the northwestern
Atlantic Ccean east of St. Johns , Newfoundl and (obtained in 1989
as part of the Joint dobal Ccean Flux Study of the North Atlantic
Bl oom Experinment) displayed renmarkable quality and freedom from
non- chl or ophyl | ous backscatterers and is the basis of a nodeling
paper to be published in Applied Optics. The title of the paper

is: Cceanic radi ance nodel devel opment and validation: Application
of airborne active-passive ocean color data. This manuscript shows
t hat vol um nous, wi de-area airborne active (laser) and passive
(sol ar) ocean color spectral data can be used to devel op radi ance



nodel s and currently provide for their validation. The
appl i cation of such nodels to al gorithm devel opment by direct

i nversion is under devel opnent. Such inversion was detail ed

in the recently devel oped ATBD. The St. Johns data, and that
obtained in other regions of the ocean, is being used to establish
t he baseline radi ance nodel to be used for the retrieval of
phycoerythrin pignment (as well as DOM and pignment). Qther data
sets fromthe Monterey Bay flights (Sept 1992) and Md- Atlantic
Bight (April 1989 and 1991) are still now under eval uation.

B. Gther Wrk Acconplished
1. Revision of the Algorithm Theoretical Basis Docunment (ATBD).

The ATBD revision is now nearly conplete. The original (and the
revi sed) docunent details a new procedure for retrieving the
phycoeryt hrin pignment by using the absorption bands. EXxisting
MODI S bands are expected to be sufficient to effect the retrieval

2. Ship Data.

As reported in the above Li mol ogy and Cceanography paper,
recovery of the absorption coefficients for the |ight-absorbing or
chronophori c conponents of the dissolved organic matter (aCDOV)
fromtheir fluorescence em ssion has been established by

| aborat ory anal yses of the surface sanples gathered fromthe Feb.
28, 1991 cruise as well as other cruises. These absorbance and
fl uorescence anal yses, (and work reported by others), show

t hat absorption coefficients in the near ultraviol et can be
directly retrieved from neasurenments of the fluorescence em ssion
of CDOM Thus, absorption coefficients in the visible spectrum
can potentially be obtained fromthe fact that CDOM absorption is
exponentially a function of wavel ength. The errors in the

| aboratory fluorescence neasurenments were mnimzed through

t he conbi ned use of the water Raman scatter as an interna

radi onetric standard and a quinine sulfate solution as a
reference. This methodol ogy reduces aCDOM al gorithmretrieva
errors (reported by other researchers) primarily attributable to
t he use of commercial spectrophotoneters havi ng maxi mum opti ca
path lengths of 10 cm Wile the aCDOMretrieval appears
feasible, the relationship between aCDOM and CDOM f | uor escence

em ssion is susceptible to changes in CDOM fl uorescence yield, so
t he continued tenporal study of marine sanples from many diverse
oceanic |l ocations is needed. Wien applied to shipboard and
aircraft laser fluoroneters, this retrieval methodol ogy and the
resulting CDOM absorption coefficients will be used in ocean col or
nodel s and associ ated satellite sensor/al gorithm devel oprment
directly aimed at phycoerythrin retrieval. The DOMis i nportant
since it is a major interferant to the detection and
guantification of chlorophyll and chl orophyl|l accessory pignents
(CAP) such as phycoerythrin. Mreover, DOMis a contributor to

t he carbon cycle itself.

Recent | aboratory and resulting analytical efforts have shown that



the retrieval of dissolved organic carbon from absorption or from
fl uorescence em ssion still needs considerable work to prove
feasibility.

2. In Situ Optical Characterization of the MODIS North Atlantic
Test Site.

The continued characterization of the Test Site is partially
described in the previously nmentioned publications.

A. Cooperative overflights within the MOD S Test Site were
conducted during April, 1994 in conjunction wth shipboard
sanpling activity conducted by Dr. N Blough, an ECS

I nterdi sciplinary Team nenber and in conjunction with additional
shi pboard sanpling activity by Dr. Dan Repeta (WHO) in
conjunction with the DCE Coastal Ccean Program The shi pboard
phycoerythrin fluorescence experinents of Dr. N Blough with the
flowthru spectroneter were unsuccessful but will be tried again
duri ng subsequent field experinents.

1. Phycoerythrin Al gorithm Devel opnment Activities

Plans call for us to again directly address the quantification of
t he phycoerythrin signal as outlined in the original MXD S
proposal . The phycoerythrin retrieval is being dealt with by

i nversi on of ocean radiance nodels. Details of the phycoerythrin
retrieval appear in the ATBD as submtted the project office.

2. Chlorophyll Pigment and CDOM Corrections to the Phycoerythrin
Al gorithm

Maj or perturbations or influence to the ocean col or spectrum are
provi ded by chl orophyll and CDOM These oceani ¢ constituents
significantly inpede the retrieval of phycoerythrin pignment
fromthe upwel | ed radi ances. Accordingly, they nust be dealt with
in a systematic way in order to understand their effects and the

i npact on the retrieval of phycoerythrin and its ultimate
guantification. In situ and airborne data gathered to date wl|
be used to nodel the effects and to ascertain the extent that they
can be quantified and renoved. Recently published chl orophyl | ous
pi gment nodel s are being used for the pignent absorption. Qur own
CDOM nodel is being used for recovery of chronophoric dissolved
organic matter. Finally, the literature is being surveyed for the
best avail able detritus absorption nodel. The nost pressing
nodeling problemis the availability of suitable chlorophyllous
and nonchl or ophyl | ous particul ate backscatter nodels.

3. O her Data Acquisition for Al gorithm Devel opnent

During late October and early Novenber 1993 flights were
conducted in cooperation with NSF's Joint dobal Ccean Fl ux
Study of lron Enrichnment in the Eastern Equatorial Pacific.
Consi derabl e Case 1 ocean col or data was obtai ned during these
JGOFS flights both during the mappi ng of the ship-depl oyed iron
and during the transit to and fromthe experinent site at -90W



and -5S. Quality algorithmdevel opnent ocean col or data was al so
obt ai ned on pre-determ ned transects within the naturally-
occurring Gal apagos Island plume. The transit flights from

WAl lops Flight Facility to Guayaquil (via Belize) l|ikew se yielded
ocean color data suitable for algorithmdevel opnment. During the
latter transit flights, numerous waternasses were crossed. These
data are bei ng eval uat ed.

In addition to the previously reported airborne data acquired over
the cruise of Dr. Blough, overflights of Dr. Tom Fisher/Dr. Larry
Hardi ng (Horn Poi nt Environnmental Laboratory/Univ. M.) together
with Dr. Frank Miller-Karger were conducted in the region
extendi ng fromthe Chesapeake Bay nouth to Cape Hatteras.

The above data are |ikew se undergoi ng eval uati on for possible use
in algorithm devel oprent.

C. Anticipated Activities During Next Half Year.

1. Additional flights of the NASA A rborne Cceanographic Lidar are
pl anned within the MODI' S Test Site. Specifically, overflights of
crui ses of the Research Vessel Cape Henl open by Dr. Richard Geider
and Dr. Jon Sharp of the University of Del aware are pl anned for
April 1995. These field experinents will occur in the sane
general region as those of Dr. Blough in April 1994. W are
hopeful that Dr.'s Blough and Vodacek can al so participate in

the April 1995 field experinments.

2. Preparations are being made to participate in the JGOFS Arabi an
Sea Experinent in July 1995. This is an opportunity to obtain
data in an entirely different oceanic province. As was the case
with the Iron Enrichnent Experinent flights, these flights wll
serve as a val uabl e data source for al gorithmdevel opent. This
activity should contribute to the goal for universality of the

al gorithms bei ng devel oped.

D. O her Concerns

As in a past report some good news is reportable. The lack of a
600nm band on MODI S-N was given as the biggest problemfacing the
retrieval of the phycoerythrin pigment on the first sensor |aunch.
Recent studies of avail abl e radiance (and refl ectance) nodel s,
however, suggests that the retrieval of the phycoerythrin pignent
at the absorption peaks of 495nm (phycourobilin, PUB) and 545nm
(phycoerythrobilin, PEB) can be achi eved using the 490nm and 555nm
MODI S bands. Such retrievals will require a highly accurate nodel
to account for the significant anounts of chlorophyll and DOM
absorption occurring simultaneously with the phycoerythrin
absorptions. The details of the phycoerythrin retrieval have been
recently detailed in the ATBD



